The toxin-binding protein of sugarcane susceptible to eyespot disease also possesses raffinosebinding activity. The Km's for binding are: helminthosporoside (toxin) 6.8 X 1O-5 M, raffinose 2.5 X 10-5 M, and melibiose 2.6 X 10-5 M. Evidence obtained by adminis- 
The toxin-binding protein of sugarcane is associated with clones of sugarcane that are susceptible to eyespot disease caused by Helminthosporium sacchari (1) . This protein is present on the plasma membrane of leaf cells (2) and binds the host-specific toxin, helminthosporoside, that is produced by H. sacchari (3) . The toxin is produced in leaves naturally infected with H. sacchari (4) . Although membranes prepared from leaves of sugarcane clones resistant to the toxin possess a protein comparable to the binding protein, they do not bind the toxin (5) . The biochemical basis of resistance in cane to the eyespot disease is thus related to the host-specific toxin produced by the fungus and to the membrane protein in the plant that binds the toxin.
The binding protein consists of four presumably identical subunits each with a molecular weight of about 12,000 and it has at least two binding sites for the toxin (1) . The normal physiological role of the binding protein in the plant and the detrimental physiological effects resulting from toxin-binding to the protein have not been previously established. This report presents evidence for the role of the toxin-binding protein in a-galactoside transport and describes how the toxin interferes with cellular functions by means of the binding protein.
MATERIALS AND MET11ODS
Sugarcane. The clones of sugarcane, 51 NG 97 (susceptible) and H50-7209 (resistant) were supplied by Dr. R. Coleman, USDA, Beltsville, Md. The stalks were planted in large plastic pots and grown at 22 + 50 under greenhouse conditions.
Protoplasts. Wall-less leaf cell protoplasts were prepared from both clones of sugarcane according to the procedures previously described (2) .
Plasma Membranes. The basic procedure of Hodges et al. (6) was used to prepare the plasma membrane fraction of sugarcane leaves. This technique was used in a previous study on membranes of sugarcane and the recovery of plasma membranes was demonstrated (2) . The discontinuous sucrose gradient procedure of Leonard and Hodges (7) was also effective in isolating the plasma membrane fraction from the 34 to 45% sucrose interface.
Toxin-Binding Protein. The toxin-binding protein was isolated from sugarcane leaf tissue as previously described by Strobel (1) . The equilibrium dialysis technique was used to assay for toxin-binding activity and for a-galactoside binding activity (1) .
ATPase. This activity was measured at 230 in a 0.5-ml volume containing 3 mM ATP (Tris or Na+ salt) at pH 7 Bollenbach (11) . The final product was chromatographed and detected as described below. The nuclear magnetic resonance spectrum of the synthetic compound, obtained on a Varian T-60 nuclear magnetic resonance spectrometer, was identical to authentic methyl a-galactopyranoside. No , form of the compound was detectable in the preparation.
86Rb Uptake Experiments. "RbCl (0.00075 ,umol) was mixed with 0;05 ml of 0.01 M KCl, and to this solution, was added a leaf disc of sugarcane (7 mg) that was 1 mm thick and 5-6 mm in diameter. 86Rb+ can be used-as a measure of K+ uptake by plant tissues (12) . The 7.4 . The preparation was chromatographed on a 0.5 X 44-cm column of Sephadex G-25 and 1-ml fractions collected. The results showed that the purified protein bound raffinose whereas after boiling, it did not ( Fig. 1) . Further, a comparable protein preparation from resistant clone H50-7209 (5) did not bind raffinose. The Km of binding of a number of a-galactosides by the binding protein was determined (Table  1) . Interestingly, the Km for raffinose and melibiose binding approximated that of helminthosporoside binding, with a higher value for methyl a-galactopyranoside. The incubation was carried out at 230 in small V-shaped vials. Since the protoplasts are extremely fragile, the common filtration procedures usually used to follow metabolite uptake by bacteria were avoided. Instead, since viable protoplasts float to the surface of the incubation medium, a portion of the external medium taken from beneath the protoplast layer was periodically removed with a 10 ,ul Hamilton syringe and the radioactivity determined. After each sample was taken, the suspension of protoplasts was carefully stirred. Within 5 min, the protoplasts again began to form a layer on the incubation medium. Fig. 2 shows the uptake of ['4C]raffinose by the protoplasts as a function of time. When the protoplasts were preincubated in 1.0 X 10-' M helminthosporoside, there was no net uptake of raffinose over a 30-min period. Further, there was no net uptake of raffinose by protoplasts from the resistant clone H50-7209 that were not treated with the toxin (Fig. 2) . This was expected since this clone does not possess a functional binding protein (Fig. 1) . The apparent uptake of label that occurred within the first 15 min in all preparations seems to be a nonspecific binding phenomenon. In a comparable experiment, 30 min after incubation with labeled raffinose, the protoplasts were washed with 0. 
ATPase
Sugarcane protoplasts susceptible to the toxin undergo a gradual swelling, distortion, and rupture similar to protoplasts in a hypotonic solution. Since the toxin did not cause an apparent build-up of raffinose in the cell, other factors leading to changes in cellular osmolarity were investigated. One' consideration was the involvement of the toxin with the ATPase of the plasma membrane (7). In higher plants this enzyme is activated by 'K+ and Mg + and is presumably responsible for Ki+ transport across the plasma membrane. Initially, it was established that the binding activities for raffinose and the toxin were indistinguishable. Further, this activity was distinct from-themembrane ATPase activity (Fig. 4) . This was accomplished by chromatographing the Triton X-100 treated membrane fraction through a Biogel P-100 column (Fig. 4) 4nd assaying for these enzyme activities.
The plasma membrane fraction from sucrose density gradients was assayed for ATPase activity and shown to be activated by K+ and Mg++ and only to a small extent by Ca++ (Table 2) . When the membrane preparation was preincubated with 3 mM helminthosporoside'there was a 301%0 increase in ATPase activity beyond that observed by cation activation. There was no toxin stimulation of ATPase activity in membranes from the resistant clone (data not shown). a-Galactosides, other than the toxin, did not possess this activation effect'on'the ATPase ( Table 2) . Treatment of the membranes with Triton X-100 abolished the toxin activation effect, 'but nevertheless, also increased the level of ATPase activity. Inasmuch as there is toxin stimulation of K+, Mg++ ATPase activity in isolated plasma membrane preparations, experiments were conducted using 86Rb+ to determine if the toxin stimulates K+-86Rb+ uptake in tissues. Leaf discs take up K+ at a steady rate under the physiological conditions of the experiment. The addition of 2 mM helminthosporoside resulted in a rapid net uptake of K+ (Fig. 5) . The rate of K+ uptake by the toxin-treated leaf discs leveled out and gradually decreased. The decrease in K+ uptake in the toxintreated tissue most likely represents the disruption of the plasma membrane and the release of the contents into the solution.
DISCUSSION
The protective effects of a-galactosides on symptom development after toxin treatment was strong presumptive evidence for the involvement of the toxin-binding protein as the primary site of toxin action (1) . The results of the present work support the concept that the toxin-binding protein has a normal physiological role in the a-galactoside transport in cane tissues. This evidence is the following: (i) the similarity in kinetics of raffinose binding to the binding protein, and raffinose uptake by protoplasts; (ii) the lack of raffinose uptake by protoplasts from a resistant clone of cane that also lacks raffinose-binding protein activity; (iii) the complete inhibition of raffinose uptake by treatment of susceptible cane protoplasts with the toxin; (iv) the raffinose-binding activity was indistinguishable from the toxin-binding activity eluting from the Biogel P-100 column.
The evidence of active uptake of sugars by cane cells is in agreement with the results of Glasziou (14) and Maretzki and Thom (15) . Nevertheless, it does not seem possible for the total detrimental effect of the toxin to be entirely associated with a-galactoside transport since cane cells resistant to the toxin behave normally without an apparent functional a-galactoside-binding protein. Furthermore, there is no evidence to suggest that a build-up of a-galactosides occurs in toxin-treated tissues that renders them susceptible to harmful changes in osmotic pressure (F. Pinkerton, personal communication).
On the contrary, the evidence supports the concept that the toxin-binding protein acts in an indirect manner on the cell. The protein serves in a capacity to recognize the toxin and bind it. Upon binding with the toxin, other functions of the membrane, and subsequently the cell, become altered. For instance, when plasma membranes are exposed to the toxin, there is an increase in ATPase activity ( knot nematode and treated with the toxin. These cells do not possess large vacuoles; hence, the microelectrode tip is in the cytoplasm and the membrane potential measurement is across the plasma membrane per se. This observation would be consistent with the fact that ion efflux from the cell is higher than ion influx and that the ion regulatory function of the plasma membrane is partially or entirely lost.
The low ATPase activities recovered from membrane vesicles in these experiments (Table 2) relative to the comparatively higher activities observed by Leonard and Hodges (7) , is attributed to the type of tissues being studied. They used membrane vesicles from oat roots and this current study employed sion-decompression motions of the lipid molecules in the plane of the membrane may explain one membrane enzyme influencing another as described by Singer (16) . Of the three possibilities, any one or more of the statements in point 3 is favored as the explanation for the experimental results. It seems unlikely that assorted activities of a glycosyl transferase, an ATPase, and an a-galactoside binding protein exists as a membrane complex; this may eliminate point 1. Point 2 is not consistent with current observations, namely that a mild heat treatment protects susceptible leaves from the effects of the toxin (17). Steiner and Byther (17) also showed that new protein synthesis must occur for susceptibility to be restored to the tissues. It turns out that heat treatment abolishes ATPase activity and has no effect whatever on toxin binding activity. These observations collectively support the concept that the production of the toxic effect in tissues is not only dependent upon the binding protein, but also upon an additional protein, perhaps ATPase.
Interestingly, the importance of the aglycone portion of the toxin is realized since the a-galactosides, raffinose, melibiose, and methyl a-galactopyranoside do not activate the ATPase through the binding protein (Table 2) . Confirmatory data on the ATPase activation effect was apparent in the toxin stimulation of K+-16Rb+ uptake by cane tissue slices (Fig. 5) .
The inherent difficulty in the relative importance of the toxin-stimulated ATPase activation in plasma membrane preparations, is that the effect is observed at a concentration of 10-M of toxin whereas in vivo toxin effects on plant leaves occurs in the range of 10--10-M. Furthermore, the toxin recovered from infected plant tissue is in the order of 10 
